Abstract: A new assay using the polymerase chain reaction to amplify a 173-nucleotide DNA fragment within the 16S ribosomal RNA gene of Mycoplasma pirum has been developed. The assay selectively amplified DNA from all strains of M. pirum tested with a high level of sensitivity, even in a context of human DNA. DNA from other moUicute species, including those closely related to M. pirum, from bacteria phylogenetically close to mollicutes (Clostridium innocuum, C. ramosum and Bacillus subtilis), from Escherichia coli and from human peripheral blood mononuclear cells, did not produce the amplified DNA product specific for M. pirum.
Introduction
Mollicutes are small, free-living, wall-less prokaryotes, with a small genome size and a low guanine + cytosine content in their DNA, that are phylogenetically related to Gram-positive bacteria [1] . Mycoplasma pirum is a mollicute species originally isolated from human carcinoma cell cultures [2] . Morphologically, M. pirum, possessing a terminal structure or organelle [2] , belongs to the flask-shaped group of mycoplasmas [3] . In this respect it resembles the human mycoplasmas Mycoplasma pneumoniae and Mycoplasma genitaliurn [4] . Until recently, its natural habitat was unknown, since it had only been found as a cell culture contaminant [2] . Recent data have suggested that this mycoplasma may be a human parasite. Indeed, M. pirum has been isolated from peripheral blood mononuclear cell (PBMC) cultures, isolated from the blood of two HIV seropositive patients [5] . In order to suggest a pathogenic role for M. pirum, the detection of this mycoplasma ex vivo, i.e. directly from human tissue samples and particularly from blood, without any cell culture (and the inherent risk of laboratory contaminations), would be necessary. [11] . Indeed, one of the principal characteristics of ribosomal RNA molecules is to present highly conserved sequences alternating with more variable regions [14] , which can be used in the PCR to detect a group of related organisms, such as a group of different mollicute species [15] [16] [17] . In contrast, the variable regions can be used to selectively detect a specific organism [11] . This latter approach has been adopted in our work. We thus describe here a new detection assay for M. pirum, based on the amplification of a fragment of the 16S rDNA of this mollicute. 
Materials and Methods

Bacterial
DNA extraction
Genomic DNAs from E. coli, B. subtilis and the two clostridia were extracted by the method of Marmur [18] . Genomic DNAs from mollicutes were extracted as described by Carle and colleagues [19] . DNA from PBMCs (isolated from heparinized venous blood in a Ficoll gradient) was extracted using a previously described phenol-chloroform method [20] . The concentrations of DNA stock solutions were determined spectrophotometrically at 260 nm. The desired concentrations of DNA were then obtained through ten-fold serial dilutions with sterile distilled water.
PCR assay
A strict set of protocols, including reagents aliquoting, the use of positive displacement pipettes, isolation of PCR reagents and products, separation of DNA extraction site and mycoplasma cultures site, were used to avoid false-positive results. Several negative controls were included at critical steps of sample preparation. One was included during lysis, another one during dilution of the DNA, and another during the PCR reaction. The selective amplification of DNA sequences was performed with Taq DNA polymerase (Amersham International plc, Bucks., UK) using an automated DNA thermal cycler (Perkin-Elmer Cetus, Norwalk, CT). Each 10-/zl DNA sample to be amplified was added to a volume of 40 /xl of PCR mix containing (final concentrations) 10 mM Tris. HCI (pH 8.3), 50 mM KC1, 1.5 mM MgC12, 100 /zg ml -~ gelatin, 0.4 /xM each of primer MYCPIRP and MY-CPIRN, 200/zM each of dATP, dC'TP, dTTP and dGTP, and 1.5 U of Taq DNA polymerase. The 329 mixture was covered with 50 ~zl of mineral oil. Samples were denatured at 95°C for 3 min and then amplified for 35 cycles. Each cycle consisted of denaturation at 94°C for 1 min, annealing of primers at 55°C for 1 min and extension at 72°C for 2 min and 30 s. Aliquots (17/~1) from each amplified sample were analysed on a 8% polyacrylamide gel in TAE buffer (40 mM Tris-CH3COOH (pH 7.8), 20 mM CH3COONa, 1 mM EDTA). Gels were stained with ethidium bromide, and DNA was visualized by UV fluorescence. The oligonucleotides were synthesized by the Unit6 de Chimie Organique of the Institut Pasteur (Paris, France).
Southern analysis of PCR products
DNA (17 ~zl from the PCR reaction) was electrophoresed on a 1.5% agarose gel and transferred onto a nylon membrane (Hybond N +, Amersham) according to the alkali blotting procedure [21] . After transfer, filters were air-dried for 1 h and fixation of DNA was achieved by UV irradiation. Prehybridization was carried out at 42°C for 2 h in a solution containing 5 x SSC (1 x SSC is 0.15 M NaCI, plus 0.015 M sodium citrate), 5 x Denhardt's solution (50 X Denhardt's solution is 1% polyvinylpyrrolidone, 1% Ficoll and 1% bovine serum albumin), 0.1% sodium dodecyl sulfate and 10 mg m1-1 of denatured salmon sperm. Hybridization was performed overnight in the above solution to which had been added one of the oligonucleotide probes MY-CPIRS1 or MYCPIRS2 (5' end labelled with [7-32p] ATP with the aid of T4 polynucleotide kinase (United States Biochemical Corp., Cleveland, OH), and then purified by chromatography on a Sephadex column (Pharmacia LKB Biotechnology, Uppsala, Sweden)). After hybridization, the membranes were washed twice for 15 min at room temperature in 2 x SSC, 1% SDS, twice for 10 min at 55°C in 0.2 x SSC, 0.1% SDS, and then briefly rinsed in 2 x SSC.
Data base sequences and alignments
16S rDNA sequences were obtained from GenBank through the Data General computer facilities at the Institut Pasteur. Multiple sequence comparisons were made using the Clustal software package [22] .
Results
Designing primers and oligonucleotide probes
The alignment of the available 16S rDNA sequences from mollicutes, from Gram-positive bacteria phylogenetically related to mollicutes (i.e. members of the genera Bacillus, Clostridium, Lactobacillus and Streptococcus) and from E. coli indicated two variable regions with sequences specific for M. pirum (regions V6 and Vll) [1, 14] . Within these two predetermined regions two primers were designed, using a software package which allowed the selection of PCR targets in a context of human DNA. This software essentially takes into account the K-tuple frequency in the human genome, determines PCR primers whose 3' end octamers are rare in man and thus lowers the probability of non-specific amplification of human genomic DNA [23] .
The sense primer MYCPIRP and the antisense primer MYCPIRN (MYCPIRP: 5'-TACA-TGCAAGTCGATCGGAT-3'; MYCPIRN: 5'-CATCCTATAGCGGTCCAAAC-3') begin at positions 52 and 207 respectively, according to the E. coli 16S rDNA numbering system [24] . Two oligonucleotides internal to the amplified fragment, MYCPIRS1 and MYCPIRS2, were chosen as probes for Southern analysis. MY-CPIRS1 (5 '-CAAATGTACTATCGCATGAGAAACATIq'-3', position 182) corresponds to the variable regions V10 and V10' and is sequencespecific for M. pirum. MYCPIRS2 (5'-GG-GTGAGTAACACGTATCCAATCTACC-3', position 110) corresponds to the conserved regions 7 and 8 and is not sequence-specific for M. pirum [14] .
Evaluation of the specificity of the assay
With all seven M. pirum strains tested (70-159, 1901672, 1902677, FD 870, MAD-T(MY15176), BER and VUC), a 173-bp DNA fragment was amplified, as expected (Fig. 1A ). An excess of genomic DNA (10 ng, i.e. approx. 107 genomes) of each other mollicute belonging to the same phylogenetic group as M. pirum, i.e.M, pneumoniae, M. muris, M. iowae, M. gallisepticum and U. urealyticum [1] , and from the mollicute M. genitalium (whose phylogenetic position among molli- Fig . 1 . Analysis of the specificity of the primers. Genomic DNAs from mollicutes were subjected to PCR amplification using primers MYCPIRP (5'-TACATGCAAGTCGATCG-GAT-3') and MYCPIRN (5'-CATCCTATAGCGGTC-CAAAC-3'). Products of amplification were electrophoresed on 1.5% agarose gels, transferred onto nylon membranes, and hybridized with probes MYCPIRS1 (A, B, and ll) or MYCPIRS2 (C cutes is not known as its 16S rDNA has not been sequenced) was tested with the primers MY-CPIRP and MYCPIRN and the internal probes MYCPIRS1 and MYCPIRS2. An amplification signal of the expected size, i.e. 173 nucleotides, was not detected on either agarose gels stained with ethidium bromide (not shown), or after Southern hybridization with any of the probes (Fig. 1B, C) . The fact that a 173-bp amplification signal was not detected with MYCPIRS2 shows that the combination of primers is highly specific. Indeed, if this had not been the case, the nonspecifically amplified DNA would have been detected by MYCPIRS2, since this probe corresponds to a highly conserved region in the 16S rDNA. In the case of the avian mycoplasma M. gallisepticum, a signal corresponding to a fragment of more than 600 nucleotides in length (which cannot be mistaken for the specific signal of 173 nucleotides) was obtained with an excess of DNA (10 ng) from this mycoplasma with the probe MYCPIRS2 (Fig. 1C, lane 5) . The signal obtained was comparable in intensity with the amplification of 100 fg (i.e. 105 times less) of DNA from M. pirum (Fig. 1C, lane 7) . This signal can probably be explained by the fact that MY-CPIRP is homologous to 16S rDNA from M. gallisepticum [14] , and that MYCPIRN hybridizes inefficiently with DNA situated 600 bp or further downstream from MYCPIRP. 10 ng of DNA from mollicutes belonging to the other phylogenetic groups of mollicutes (i.e. the hominis, the spiroplasma and the anaeroplasma groups) [1] and from M. penetrans (not phylogenetically positioned) also gave negative results (Fig. 1D , lanes 1-8 and lane 11). No amplification signal was obtained with 10 ng of DNA from the two Gram-positive bacteria phylogenetically very close to mollicutes, i.e.C, innocuum and C. ramosum or from the Gram-positive bacterium B. subtilis (Fig. 1D, lanes 12-14) . DNA from E. coli and PBMCs were also tested, again with negative results (Fig. 1D, lane 15 ; Fig. 2A , lane 18, and 2C, lane 8).
Evaluation of the sensitivity of the assay
Serial ten-fold dilutions of DNA from M. pirum from 1 ng (i.e. 106 genomes) to 100 fg (i.e. 100 genomes) gave positive signals after acrylamide gel electrophoresis and ethidium bromide staining ( Fig. 2A) . The sensitivity consistently reached 10 fg (i.e. 10 genomes) after Southern hybridization with MYCPIRS1 (Fig. 2B) . The same sensi- tivity was obtained when this experiment was performed in the presence of 1/xg of DNA from PBMCs ( Fig. 2A, C) .
Identification of three M. pirum strains isolated from HIV seropositive patients
With primers MYCPIRP and MYCPIRN and probe MYCPIRS1, three additional mycoplasma clinical strains (COL, NOU, and RAO) of M. The restricted DNAs were separated by electrophoresis in a 1% agarose gel and visualized by ethidium bromide staining. DNA fragments were transferred onto a Hybond N + membrane according to the alkali blotting procedure [21] . Southern hybridization was performed using the 4.8-kb EcoRI fragment from plasmid pMC5 as a probe. This fragment contains the 3' part of the 16S rDNA, the 23S rDNA, and the 5S rDNA from M. capricolum [26] . The probe was labelled isolated from three different HIV seropositive patients. These mycoplasma strains were subsequently isolated in SP4 medium [25] (unpublished data). Figure 3A presents (Fig. 3B, C) .
Discussion
In the absence of available molecular or serological tests [4, 27] , and since culturing is fastidious (a characteristic common to most mollicutes), detection of M. pirum by PCR could be a powerful diagnostic tool. We have defined, for the first time, PCR targets for the specific detection of M.
pirum in clinical samples. We have shown that our system, optimized through the choice of the primers to allow detection of M. pirum ex vivo in human tissues, is highly specific and sensitive, as long as suitable technical means are used to avoid false positive reactions. In addition, consistent with previous findings [11, [15] [16] [17] , we have shown that ribosomal sequences constitute an adequate tool for the detection of microorganisms.
The test allowed for the detection of the reference strain as well as strains 1901672, 1902677, FD 870, MAD-T(MY15176) and clinical isolates BER, COL, NOU, RAO and VUC of M. pirum.
It therefore detected all the investigated strains of M. pirum, as could be expected since ribosomal RNA genes are highly conserved, particularly within the same species.
The sensitivity of the test consistently reached ten copies of genomic DNA, and was not affected by the presence of human genomic DNA. This is the same level of sensitivity as found for the detection by PCR of M. genitalium, with primers MgPa-1 and MgPa-3 (and probe MgPa-2) constructed by Jensen and colleagues [13] . In our laboratory, the primers RW 004 and RW 005 and the probe RW 006 designed by Wang and colleagues for the detection of M. fermentans [12] were able to detect 1 fg of DNA. This slightly higher sensitivity is probably due to the fact that in this case the PCR targets are situated in repetitive elements [12] , whereas there is most likely only one ribosomal operon in the genome of M.
pirum [4] .
In our specificity assays we have only tested mollicutes belonging to the same phylogenetic group as M. pirum and representative species belonging to the hominis group, the spiroplasma group, and the anaeroplasma group. However, the alignment of 16S rDNA sequences from all the available mollicutes showed that, in the PCR target regions, sequences from the untested mollicutes differed more from M. pirum than the mollicutes tested, which allowed us to confidently assume that the DNA of the former would not be amplified.
We believe that the assay we developed will be very useful in the four following investigation areas: (i) confirmation of M. pirum as a human parasite; (ii) clinical diagnosis; (iii) evaluation of the role of this mycoplasma as a co-factor in AIDS; and (iv) control in (antibio-or immuno-) therapy treatments used to eliminate the parasite.
